. Dullard Did Not Affect the Binding between BMP4 and the BMP Type I Receptor, ALK3 BMP4-HA (500 pg), ALK3-myc (500 pg), and dullard (500 pg) were injected into Xenopus embryos as indicated, and coimmunoprecipitation assays were performed.
. Overexpression of Dullard Did Not Affect the Interaction between BMPRII and ALK3 Coimmunoprecipitation assays were performed as Fig. S1 using embryos injected with BMPRII-HA (500 pg), ALK3-Myc (500 pg), BMP4 (500 pg), and dullard (500 pg). In lane 5, ALK3-Myc and BMPRII-HA mRNAs were used at twice the amount to obtain an equal level of BMP receptor proteins compared to other lanes. ALK3-HA (500 pg), BMPRII (500 pg) and dullard (500 pg) were injected into Xenopus embryos as indicated and immunoblotting was performed. Dullard-Mo inhibited the translation of dullard-myc but not that of d5n-dullard-myc carrying a 5-mismatch nucleotide in the dullard-Mo target sequence in dullard. Dullard-Mo2 inhibited the translation of (+UTR) dullard-myc (which contains the 5' UTR sequence of dullard including dullard-Mo2 target sequence) but not that of (-UTR) dullard-myc (which has no 5' UTR sequence). mRNAs of Dullard-myc (500 pg), d5n-dullard-myc (500 pg), (-UTR)dullard-myc (500 pg), (+UTR)dullard-myc (500 pg), dullard-Mo (40 ng) and dullard-Mo2 (20 ng) were injected in Xenopus embryos as indicated. Western blotting confirmed the efficiency of these morpholinos.
Supplemental Experimental procedures

Plasmid Construction
To construct ALK3-myc, the ORF sequence of human ALK3 was inserted into pCS2-myc. Dullard-myc and d5n-dullard-myc were described previously (Satow et al., 2002) . (+UTR) dullard-myc was constructed by PCR mediated amplification of dullard with 5' UTR region, which was inserted in pCS2-myc plasmid. (-UTR) dullard-myc was same as dullard-myc, which contains ORF sequence of dullard.
Cell Culture and Transfection
The mammalian cell lines, C2C12, HepG2, Hela, COS7, and 293T were all maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal calf serum (FCS) and penicillin/streptomycin at 37°C in a 5% CO2 atmosphere. Cells were transiently transfected using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. KCl deprivation was done as described (Di Guglielmo et al., 2003) .
In vitro Phosphatase Assays and 32
P-Phosphate Incorporation
The phosphatase assay was performed as described previously (Hausmann and Shuman, 2002) with modification. Approximately 200 embryos injected with 1 ng of Myc-dullard, myc-D67E or myc-D69E mRNA were collected and cell lysates were incubated with 5 µg of anti-myc antibody. Immune complexes were collected with protein G sepharose beads and washed five times with PBS. For the determination of phosphatase activity, 300 µl of reaction buffer (50 mM Tris-acetate pH 5.5, 10 mM MgCl 2 , and 10 mM p-nitrophenyl phosphate) was added and mixed by rotation at 37°C for 60 min. The reaction was stopped by adding NaOH to a final concentration of 0.1 M. Release of p-nitrophenol was determined by measuring the absorbance at 410 nm and phosphatase activity was determined from a standard curve constructed using p-nitrophenol.
For 32 P-phosphate incorporation, C2C12 cells transfected with ALK3-HA were serum depleted for 12 h followed by 2.5-h culture at 37°C in phosphate-free DMEM supplemented with Phosphorus-32 (PBS11, GE Healthcare) (final concentration at 500µCi/ml), and then treated with 100 ng/ml rhBMP4 (R&D) for 15 min. The cells were lysed in the buffer A (20 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1 mM Na 3 VO 4 , 25 mM NaF, 25 mM β-glycerophosphate, 1% NP-40, and Complete TM protease inhibitor cocktail (Roche)). ALK3-HA was immunoprecipitated with HA antibody and resolved in SDS-PAGE. 32 P-incorporated ALK3-HA was analyzed with a phosphoimager, BAS2500 (Fuji Film). The radioactivities of phosphorylated proteins were quantitated with Image Gauge software (Fuji Film).
To purify phosphorylated proteins from BMP4-treated C2C12 cells as shown in Fig. 3J , the cells were lysed with PhosphoProtein Lysis Bufffer (QIAGEN) and pufiried on PhosphoProtein Purification Columns (QIAGEN) according to the manufacturer's instructions. Phosphorylated ALK3-HA bands were detected with the HA antibody. For the in vitro phosphatase assay of the immunoprecipitated 32 P-ALK3-HA by Flag-dullard, C2C12 cells transfected with ALK3-HA were labeled with 32 P-phosphate and treated with BMP4 as described above. The immunopurified 32 P-ALK3-HA-bound beads were mixed with Flag-dullard beads independently immunopurified with Flag antibody from transiently transfected COS7 cells, and incubated at 30°C for 60 min in the buffer (10 mM Tris-HCl pH 7.4, 150 mM NaCl, 10 mM MgCl2, 10% glycerol, 1 mM DTT, 0.1% Tween20). The mixture was resolved with SDS-PAGE and analyzed by phosphoimaging.
Whole-Mount In Situ Hybridization
Whole-mount in situ hybridization was performed according to Harland (Harland, 1991) . Antisense digoxigenin-labeled RNA probes were generated by in vitro transcription (MEGASCRIPT Kit; Ambion) from linearized plasmids encoding SoxD (Mizuseki et al., 1998) , XSIP1 (Eisaki et al., 2000) and Zic3 (Yabe et al., 2003) . Injected embryos were traced using β-galactosidase staining as described previously (Satow et al., 2002) .
Immunofluorescence Microscopy
For double staining of phosphorylated Smad1/5/8 and Flag-dullard, anti-phosphoSmad1/5/8, Alexa Fluor 488 conjugated anti-rabbit IgG (Molecular probes), anti-Flag M2, and TRITC-conjugated anti-mouse IgG were used. Other antibodies against rabbit Flag (Affinity BioReagents), rabbit HA Y11, rat HA 3F10, mouse EEA1, and rabbit caveolin-1 were also used. Nuclei were stained with DAPI.
Luciferase Assay
Luciferase reporter assays were performed with the Dual luciferase assay kit (Promega) according to the manufacturer's protocol. In the experiments with Xenopus, Xvent2-Luc was used, which was a kind gift from KW. Y. Cho. pRL-TK (50 pg) (Promega) was used as an internal control. In each experiment, pGL-Basic (50 pg) (Promega) was also used and the relative intensity to pGL-Basic was analyzed. For the luciferase assays with C2C12 cells a BMP Smad-specific reporter, (Id1-BRE) 2 -Luc (Korchynskyi and ten Dijke, 2002) , was used to monitor BMP signals. This reporter constract is a kind gift from P. ten Dijke. The cells transfected with Eps15 mutants were treated on the second day with 20ng/ml of rhBMP4 for 24h in serum free medium. Nystatin (25 µg/ml) or cholesterol (25 µg/ml) was added on the second day to the serum free culture medium in combination with 20ng/ml of rhBMP4 for 14h and then cells were lysed for the luciferase assay.
Detergent-free Purification of Raft-rich Membrane Fractions C2C12 cells were incubated for 2 h at 4°C with 100 ng/ml of 125 I-rhBMP4 (prepared by Chrolamin T method) in KRH-0.5% BSA, and crosslinked by DSS (PIERCE) as described (Ebisawa et al., 1999) . The cells were lysed in 500 mM Na 2 CO 3 (pH 11.0) by passing through a 21G needle 50 times followed by extensive sonication on ice. The lysate was fractionated on a sucrose-density gradient as described (McCabe and Berthiaume, 2001 ).
